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Abstract
Studies related to energy use efficiency in Turkey and the World is one of the most important indicators for determining
energy efficiency in agricultural production. In this study, previous studies related to the energy use efficiency of agricultural
production in fruit areas in Turkey and the world have been included. Studies related to fruit production have been assorted
and then the calculations of the indicators of energy input, energy output, energy use efficiency, energy productivity, specific
energy and net energy, used to determine energy use efficiency in production areas, have been placed into tables. According
to the study results, among energy inputs in fruit production chemical fertilizer consumption and fuel consumption are the
most commonly used inputs. Summarized and tabulated as such, these indicators will serve as a collective resource for
comparison and assessment purposes during studies to be conducted on energy use efficiency in fruit production.
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Introduction
Energy has a key role in economic and social progress but
there is a general lack of rural energy development policies
that focus on agriculture (FAO 2008; Rafiee et al. 2010). Ef-
ficient use of energy is one of the main demands of sustain-
able agriculture. Energy use in agriculture has become more
intense in response to increasing population, restricted sup-
ply of arable land and a desire for higher standards of life.
Continuous demand in increasing food production resulted
in intense use of chemical fertilizers, pesticides, agricultural
machinery, electricity and other natural resources. Efficient
use of energy in agriculture will minimize environmental
problems, prevent destruction of natural resources and ad-
vance sustainable agriculture as an economical production
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system (Erdal et al. 2007; Omer 2007; Rafiee et al. 2010).
The energy balance is defined as the difference between
gross energy of useful products divided by non-renewable
energies used to produce them (Risoud 2000; Azizi and Hei-
dari 2013). Imposing energy balances could lead to more
productive and environmentally friendly crop production
(Moreno et al. 2011; Azizi and Heidari 2013).
Today’s agricultural production relies heavily on the con-
sumption of non-renewable fossil fuels. Consumption of
fossil energy results in direct negative environmental ef-
fects through deliver of CO2 and other combustion gases.
Indirectly, there have been positive effects: increased yields
and reduced risk. Yet, large amounts of cheap fossil en-
ergy have indirect negative impacts on the environment like
less various natures through the condensation of agricul-
tural practices (Refsgaard et al. 1998; Gündoğmuş 2006).
Effective energy use in agriculture is one of the conditions
for sustainable agricultural production, since it ensures fi-
nancial savings, fossil fuels preservation and air pollution
reduction (Pervanchon et al. 2002; Gündoğmuş 2006). The
energy input-output analysis are usually made to determine
the energy use efficiency and environmental aspects. This
analysis will determine how efficient the energy is used
(Rafiee et al. 2010).
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Almond 516.96 57,027.13 35,235.14 0.62 – 110.31 –21,791.99
Apricot 35,462.84 28,647.03 35,462.84 1.24 0.24 – 6,815.81
Apple 20,773.93 42,819.25 49,857.43 1.16 0.49 2.06 7,038.18
Banana 51,592.04 51,560.05 98,024.88 1.90 1.00 0.99 46,464.83
Cherry 24,632.30 48,667 46,801 0.96 0.51 – –1,866
Grape 27,450 37,488 323,910 8.64 0.73 1.36 286,422
Kiwifruit 24,547.29 30,285.62 46,639.85 1.54 0.81 1.23 16,354.23
Lemon 35,000 62,977.87 66,500 1.06 – – 3,522.13
Mandarin 30,000 48,838.17 57,000 1.17 – – 8,161.83
Mulberry 10,104.14 6,690.46 37,627.84 5.62 0.66 1.51 30,937.37
Nectarin 28,868.70 40,275.24 54,850.66 1.36 0.71 1.39 14,575.66
Orange 40,000 60,949.69 76,000 1.25 – – 15,050.31
Peach 22,152.50 45,382.40 42,089.80 0.93 0.49 – –3,292.60
Pear 46,390.59 172,608.43 88,142.13 0.51 0.27 3.72 –84,466.30
Plum 6,375 8,712.20 12,112.50 1.39 0.73 1.37 3,400.30
Quince 22,170.35 49,698.33 53,208.83 1.07 0.45 2.24 3,510.50
Pomegranate 33,366 32,619 93,455 2.87 1.02 0.97 60,836
Strawberry 64,153.33 805,376.30 121,891.33 0.15 0.08 12.55 –683,484.97
Sweet cherry 7,522 23,795.29 29,202.08 1.23 0.32 3.16 5,406.79
Walnut 794.40 23,992.54 14,679.52 0.61 0.03 30.20 9,313.02
aAlmond (Beigi et al. 2016), apricot (Esengün et al. 2007), apple (Rafiee et al. 2010), banana (Akçaöz 2011), cherry (Kızılaslan 2009), grape
(Koçtürk and Engindeniz 2009), kiwifruit (Mohammadi et al. 2010), lemon (Ozkan et al. 2004), mandarin (Ozkan et al. 2004), mulberry
(Gökdoğan et al. 2017), nectarin (Qasemi-Kordkheili et al. 2013), orange (Ozkan et al. 2004), peach (Göktolga et al. 2006), pear (Tabatabaie
et al. 2013), plum (Baran et al. 2017a), pomegranate (Canakcı 2010), quince (Gündoğmuş 2013), strawberry (Banaeian et al. 2011), sweet cherry
(Demircan et al. 2006) and walnut (Baran et al. 2017b)
bAverage energy use efficiency: 1.76
Different researches have been done on energy use effi-
ciency of fruit products in the World. In this study, twenty
fruit products in the literature were evaluated. For example,
studies have been done on energy use efficiency analysis of
almond (Beigi et al. 2016), apricot (Esengün et al. 2007),
apple (Rafiee et al. 2010), banana (Akçaöz 2011), cherry
(Kızılaslan 2009), grape (Koçtürk and Engindeniz 2009),
kiwifruit (Mohammadi et al. 2010), lemon (Ozkan et al.
2004), mandarin (Ozkan et al. 2004), mulberry (Gökdoğan
et al. 2017), nectarin (Qasemi-Kordkheili et al. 2013), or-
ange (Ozkan et al. 2004), peach (Göktolga et al. 2006),
pear (Tabatabaie et al. 2013), plum (Baran et al. 2017a),
pomegranate (Canakcı 2010), quince (Gündoğmuş 2013),
strawberry (Banaeian et al. 2011), sweet cherry (Demir-
can et al. 2006) and walnut (Baran et al. 2017b). Although
many experimental studies have been done on energy use
efficiency analysis in fruit field but there is no study on
collective (tabulated) energy efficiency evaluation study on
fruit production. Energy use efficiency indicators will serve
as a collective resource for comparison and assessment pur-
poses during studies to be conducted on energy use effi-
ciency in fruit production.
Materials andMethod
In order to evaluate the energy use efficiency of these fruit
data have been done literature search. In this study, twenty
fruit products have been evaluated in the literature of the
World. In fruit energy use efficiency studies, human labour
energy, animal labour energy, machinery energy, diesel fuel
energy, chemical fertilizers energy, pesticides energy, irri-
gation energy, farmyard manure energy, organic fertilizers
energy and electricity energy have been contained as inputs.
Fruit has been contained as output. Total energy in area
unit (ha) composed each total of input energy and energy
equivalents of all inputs in MJ unit. In order to compute
the energy input-output in fruit production, energy use ef-
ficiency (energy output/energy input), energy productivity
(yield output/energy input), specific energy (energy input/
yield output) and net energy (energy output–energy input),
in the form of direct and direct, as well as renewable and
non-renewable energy have been computed by researchers.
In this study, data of these studies have been evaluated,
commented and tabulated (Table 1, 2 and 3).
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Almond 9 4.73 264.32 16.76 33.32 3.66 48.20 4.76
Apricot 15.15 16.03 290.46 30.06 32.38 7.09 67.87 13.34
Apple 25.20 17.65 182.68 12.31 57.83 8.47 166.39 21.88
Banana 37.43 21.78 248.25 9.61 1,095.30 20.58 40.93 4.47
Cherry 18.10 11.27 355.10 42 32.40 5 183.80 21
Grape – – 303 24.20 302 10.52 220 33.04
Kiwifruit 2.28 2.26 2,710.43 47.23 41.77 8.65 104.26 19.39
Lemon 3.31 1.58 789.10 49.68 8.64 0.86 344.40 30.79
Mandarin 2.12 1.31 559.50 45.79 12.65 1.62 254.70 29.37
Mulberrya 1.39 6.63 – – 3.91 3.79 7.98 6.72
Nectarin 6 4.47 510.36 36.93 61.47 9.56 140.81 19.68
Orange 2.53 1.25 693.20 44.42 12.56 1.29 337.50 31.18
Peach 1.33 8.88 42.64 35.56 1.64 2.34 16.86 20.92
Pear 8.25 1.43 113.84 2.38 – – 45.80 1.22
Plum – – 150 44.99 16.50 12.27 28.75 18.58
Pomegranate 6.05 5.60 – 57.40 16.20 2 63.70 9.30
Quince – – 578.45 52.86 55.86 7.05 143.62 16.27
Strawberry – – 3,420.19 9.90 50.86 0.41 13,192.48 78.30
Sweet cherry 2.69 3.39 308.90 45.35 46.20 4.73 91 21.53
Walnut 0.14 0.18 467.29 74.40 23.75 6.41 39.60 9.29
aOrganic production




















Almond 39,200.15 68.74 17,826.98 31.26 5,854.68 10.26 51,172.45 89.74
Apricot 6,221.28 21.72 22,506.14 78.56 6,626.55 23.13 22,100.87 77.15
Apple 21,998.45 51.38 20,820.80 48.62 14,586.74 34.07 28,232.51 65.93
Banana 19,018.52 36.89 27,291.54 52.93 13,738.80 26.65 32,571.26 63.17
Cherry 25,315 52 23,352 48 9,605 20 39,062 80
Grape 21,444.20 57.20 16,038.80 42.80 1,113.50 2.97 36,374.50 97.03
Kiwifruit 9,010.45 29.75 21,275.17 70.25 7,713 25.47 22,572.62 74.53
Lemon 28,224.34 44.82 34,545.63 54.85 2,369.75 3.76 60,400.22 95.91
Mandarin 22,849.48 46.79 25,799.69 52.83 1,723.20 3.53 46,925.91 96.08
Mulberrya 5,900.68 88.20 789.79 11.80 5,894.49 88.10 795.97 11.90
Nectarin 19,308.38 47.90 20,965.87 52.10 8,173.65 20.20 32,101.59 79.80
Orange 30,792.77 50.52 29,941.77 49.13 2,375.39 3.90 58,359.15 95.75
Peach 2,106.14 46.41 2,159.41 47.58 494.09 11.83 4,174.88 91.99
Pear 157,864.49 91.45 14,743.94 8.55 23,830.62 13.80 148,777.81 86.20
Plum 2,597.15 29.81 6,115.05 70.19 978.24 11.23 7,733.96 88.77
Quince 17,332.51 34.88 32,365.82 65.12 1,975.43 3.97 47,722.90 96.03
Strawberry 713,804.70 88.63 91,571.57 11.37 46,498.20 5.77 758,878.10 94.23
Sweet cherry 8,205.75 34.48 13,065.76 54.91 3,888.57 16.34 17,382.94 73.05
Walnut 4,050.86 16.88 19,941.68 83.12 1,864.32 7.77 22,128.22 92.23
aAlmond, apricot, pomegranate (group I data)
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Results and Discussion
In fruit studies, yield, energy input, energy output, energy
use efficiency, energy productivity, specific energy and net
energy values have been tabulated (Table 1). It can be
seen from these Table 1 that the first, second and third
highest energy inputs (MJ ha–1) in fruit studies are straw-
berry (805,376.30MJ ha–1), pear (172,608.43MJ ha–1) and
lemon (62,977.87MJ ha–1), respectively. If the average val-
ues are analysed by referring to Table 1, it can be seen
that highest yield (kg ha–1) in fruit production are straw-
berry (64,153.33kg ha–1), banana 51,592.04 (MJ ha–1) and
pear 46,390.59 (MJ ha–1), respectively. The first, second
and third highest energy use efficiency in fruit studies are
grape (8.64), mulberry (5.62) and pomegranate (2.87), re-
spectively. Grape, mulberry and pomegranate are the most
profitable production in terms of energy use efficiency.
It can be seen from these Table 1 that the first, second
and third highest energy outputs (MJ ha–1) in fruit studies
are strawberry (121,891.33MJ ha–1), banana (98,024.88MJ
ha–1) and pear (88,142.13MJ ha–1), respectively. It can be
seen from these Table 1 that the first, second and third
highest net energy (MJ ha–1) in fruit studies are grape
(286,422MJ ha–1), pomegranate (60,836MJ ha–1) and ba-
nana (46,464.83MJ ha–1), respectively.
In this study, some energy inputs have been considered,
for example; farmyard manure energy (renewable energy),
chemical fertilizers, machinery and diesel fuel energy (non-
renewable energy) have been tabulated (Table 2). It can be
seen from these Table 2 that the first, second and third
highest chemical fertilizers energy inputs (%) in fruit stud-
ies are walnut (74.40%), pomegranate (57.40%) and quince
(52.86%), respectively. The first, second and third high-
est diesel fuel energy inputs (%) in studies are strawberry
(78.30%), grape (33.04%) and orange (31.18%), respec-
tively. Machinery energy consumption in studies is banana
(20.58%), plum (12.27%) and grape (10.52%), respectively.
In this study, farmyard manure energy consumption (%) is
banana (21.78%), apple (17.65%) and apricot (16.03%), re-
spectively.
The distribution of inputs has used for the production of
fruit production, in accordance to direct, indirect, renew-
able and non-renewable energy groups have been given in
Table 3. It can be seen from these Table 3 that the first,
second and third highest non-renewable energy inputs (%)
in fruit studies are grape (97.03%), mandarin (96.08%) and
lemon (95.91%), respectively. The highest renewable en-
ergy (%) in studies is mulberry production. The consumed
total energy input in mulberry production could be classi-
fied as (88.10%) renewable and (11.90%) non-renewable.
Renewable energy ratio is high, because; mullberry produc-
tion is organic production. If energy use efficiency is to be
increased, farmyard manure and organic fertilizer should be
used instead of chemical fertilizers.
When the results have been evaluated, generally, fruit
production are profitable production in terms of energy use
efficiency (average energy use efficiency: 1.76). Non-re-
newable energy use is very high in fruit production. Opti-
mization is an important appliance to maximize the amount
of productivity which can significantly affect the energy
consumption and production costs. Optimization of energy
use in agricultural systems is carried out in two ways: an
increase in productivity with the existing level of energy in-
puts or conserving energy without affecting the productiv-
ity. Energy management becomes more important when the
energy required should be economical, sustainable and pro-
ductive (Gündoğmuş 2013). According to Demircan et al.
(2006), “suitable tractor selection and management of ma-
chinery to reduce direct use of diesel fuel (Işık and Sabancı
1991) and precise fertilization management, knowing the
correct amount and frequency of fertilization (especially
nitrogen) (Kitani 1999) have needed to save non-renewable
energy sources without impairing the yield or profitability,
in order to improve the energy usage efficiency of sweet
cherry production”. For decrease of inputs (machinery and
diesel fuel) of fruit production, these advices may perform
for fruit production. Additionally, farmyard manure and or-
ganic fertilizer should be used instead of chemical fertilizers
to reduce non-renewable energy.
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Baran MF, Oğuz HI, Gökdoğan O (2017a) Determiniation of energy
input-output analysis in plum (Prunus domestica L.) production.
Erwerb Obstbau. https://doi.org/10.1007/s10341-017-0332-z
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